The remarkable work of Retzius (1909) detailed not only many of the struotural peculiarities of avian spermatozoa, but also their organization within the testes. In addition, and importantly, it showed the unique and bizarre nature of oscine (Passeriformes) spermatozoa, with their helical "membranes" and their precise arrangement within the testes. With this strong beginning in avian spermatology, which includes both the early work of Ballowitz (1886, 1888, 1913) and Retzius ( 1909, 1911,1912), as well as a number of investigations on the sperm of fowl (summarized by McFarlane 1963), it is surprising that so little has been done to reveal the ultrastructure of oscine spermatozoa and to study further the arrangement of sperm within the testes.
MATERIALS AND METHODS
The species studied were: American Robin (Turdus migratorius and Blue Jay ( Cyanocitta cristata). For comparative purposes, we examined spermatozoa from a piciform, the Red-bellied Woodpecker (Melanerpes carolinus) The birds were collected in the vicinity of Chapel Hill, North Carolina. Their testes were dissected out into warm 0.9% saline solution for examination by light-microscopy and for fixation. Sperm from the ductus deferens were not examined.
MICROSCOPY
Sperm from teased bits of testicular tissue in saline were studied with phase contrast optics using a Zeiss Photomicroscope I. Stained smears were examined with bright-field lighting and all light micrographs were made with the Zeiss instrument.
The electron micrographs were made with a Zeiss 9S2 microscope.
SECTIONED MATERIAL
Minced bits of testis were fixed in a 4.5% glutaraldehyde buffered with 0.2 M cacodylate buffer for 2-4 h in the cold; they were post-treated with cacodylatebuffered 2% osmium tetroxide for 1% h, dehydrated through an ethanol series and propylene oxide, and embedded in an Epon-Araldite mixture. Sections were cut on a Sorvall MT-2 ultramicrotome; they were picked up on uncoated 200-mesh copper grids, and were doubly stained with uranyl acetate and lead citrate.
NEGATIVE STAINING
Small pieces of testis were teased with sharp needles and the contents mixed with 1% aqueous phosphotungstic acid (PTA), pH 6.8, according-to-the method described bv Henlev ( 1970) and Henlev and Costello ( 197' 3). PTA-treatment durations ranged from 6 to 42 min. The technique of negative staining with phosphotungstic acid involves considerable maceration of biological material, so that the components of a cell such as a spermatozoon may be partially digested away, to varying degrees (see Henley 1970 ) .
SlMEARS
Smears of teased testicular tissue and spermatozoa were prepared on #l coverslips and were fixed while wet by exposure to formalin vapor for periods of 30 (4) Somewhat surprisingly, the testicular sperm were not motile in the 0.9% saline medium.
Spermatogenesis in Melunerpes, as in the oscines, often occurs from a syncytial mass but does not result in the formation of precisely aligned bundles of spermatozoa. Rather, the components are very irregularly arranged, in no set pattern with respect to one another; the general appearance of such groups is very like that seen for the corvids (Fig. 4) .
STUDIES BY ELECTRON MICROSCOPE
(5) Bi-or multi-flagellated spermatozoa One of our more striking findings in sectioned were common. To our knowledge, oscines are material studied by electron-microscopy is one of the few groups of higher animals in that the "undulating membrane" of oscine which this occurs. It may well be associated spermatozoa is, in actuality, a tripartite with the syncytial origin of at least some structure, composed of (1) a straight axospermatozoa. neme, with the usual 9 + 2 pattern of Most of the oscine spermatozoa also possessed a so-called "undulating membrane," in a spiral for varying lengths (according to species) along their body, as previously described (see introduction). In contrast, however, the spermatozoa of corvids were repor' ted to lack such a "membrane," the entire body of the spermatozoon being more or less helical (Retzius 1909, McFarlane 1963). Retzius described and figured the mature spermatozoon as lacking a free flagellum or tail in the Hooded Crow (Corvus corone), whereas McFarlane pictured it with a free flagellum in the Common Crow (C. brachyrhynchos). Our observations of Cyanocitta (Fig. 3) in a duck (unpubl. observ.) . The acrosome in such spermatozoa is compact and buttonlike, rather than tapering and moderately long as in the oscines. In oscines, the nucleus is usually short and compact, but in Melunerpes it is much longer and somewhat more slender. The middle-piece in the piciform sperm is likewise elongated and narrow, and is succeeded by a free flagellum. There is no trace of any "undulating membrane." Piciform sperm that we have examined, unlike those of oscines, are motile when isolated in warm 0.9% saline. These microtubules presumably serve some sort of cytoskeletal function during morphogenesis of the spermatozoa, as is known to occur during spermiogenesis of many other animals. In addition to the lack of an "undulating membrane," Melanerpes spermatozoa differ from those of oscines in lacking the dense fibers which are peripheral to the axonemal microtubules (Fig. 7) .
Negatively stained oscine spermatozoa reveal the tripartite nature of the "undulating membrane" in a somewhat different fashion. Fig. 6 shows the straight axoneme, which is relatively unaffected by the macerating aotion of the negative stain. Around it are wound, in helical array, a compact strand of mitochondria and a complex array of singlet microtubules. These microtubules are interwoven with one ano' ther in a basketweavemanner (Fig. 6 lower) It is important to note that the "undulating membrane" of oscine sperm is in no way truly comparable to the superficially similar structure found in amphibian spermatozoa. Such a true undulating membrane is composed of a more or less elongated fold of plasma membrane, in the margin of which is embedded a typical axonemal complex (Fawcett 1970) . The axoneme apparently is the sole source of the undulatory motility typical of the amphibian type of sperm. In the case of oscine sperm, the role of the axoneme is less well defined, as is that of the associated singlet microtubules of the helical sheath.
SUMMARY
Spermatozoa of eight oscines are shown to have a tripartite structure to the so-called "undulating membrane" which is their unique -. . lmponents are ( 1) le with the 9 + 2 :s, (2) a helically zdria, and (3) a ;let microtubules, ical configuration. jf the axoneme are lmilar to those de-I of mammals and a characteristically component sper-:ister with one anwe used (isolation I 0.9% saline), the love. In contrast, jdpecker lack the nd dense bodies, and are of-the simpler type characteristic of lower orders of birds. Piciform sperm occur in groups but these lack the very regular orientation of components noted for the ostines. They were motile under the conditions used. 
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